Introduction
============

Idiopathic pleuroparenchymal fibroelastosis (PPFE) is a rare emerging form of idiopathic interstitial pneumonia that is pathologically characterized by alveolar collapse with parenchymal fibrosis and elastosis in the subpleural area, predominantly occurring in the upper lobes ([@B1]-[@B3]). It was initially reported in the Japanese literature by Amitani et al. ([@B4]), as idiopathic pulmonary upper lobe fibrosis.

A PPFE pattern in the upper lobes concomitant with a usual interstitial pneumonia (UIP) pattern in the lower lobes has been described as a feature that distinguishes idiopathic PPFE from pure idiopathic pulmonary fibrosis (IPF) ([@B1],[@B5]). The clinical course of idiopathic PPFE is gradually progressive; however, there is only one case report of an acute exacerbation without any interstitial fibrotic lesion in the lower lobes ([@B6]). A few cases of acute exacerbations of PPFE due to pre-existing fibrosis with a UIP pattern or an unclassifiable pattern in the lower lobes have been reported ([@B7]). However, there have been no detailed case reports describing the clinical course of such cases, including the physical and radiologic features and treatment of such cases.

Little is known about the associations between a pathologically identified PPFE pattern and various bronchiolar lesions, such as proliferative bronchiolitis, constrictive bronchiolitis obliterans, and bronchiolar metaplasia in patients with idiopathic PPFE. The coexistence of PPFE and bronchiolar lesions has only been clearly described in the context of allografted lung in transplant recipients and associated chronic graft rejection ([@B8]).

We herein describe a rare case of a patient with pathologically confirmed PPFE, a UIP pattern, and various accompanying bronchiolar lesions, who developed an acute exacerbation after surgical lung biopsy.

Case Report
===========

Clinical course
---------------

A 63-year-old man presented to our department with a persistent cough and progressive dyspnea that had developed over the previous 6 months. Seven years before his initial admission to our hospital, chest X-ray abnormalities with an upper lung field predominance had been identified. No definitive diagnosis had been made at that time. The patient was an electrician and a former light smoker (8 pack-year). He reported no memory of inhaling any unusual dust or chemicals. His body mass index was 21.6 kg/m^2^ (body weight, 58.0 kg; height, 164 cm); no family history of interstitial fibrosis was noted and the patient had not previously received lung or bone marrow transplantation, chemotherapy, or radiation therapy. The patient\'s clinical data, including the results of laboratory tests, a 6-minute walking test, and bronchial alveolar lavage are shown in [Table 1](#t001){ref-type="table"}. The partial pressure of oxygen in the arterial blood (PaO~2~) was 94 Torr (room air). Although a serum analysis revealed antinuclear antibody positivity (low titer), and slight elevation of rheumatoid factor with high gamma immunoglobulinemia, no definite diagnosis of a collagen vascular disease such as ankylosing spondylitis or rheumatoid arthritis could be made. A chest X-ray revealed a reduced lung volume with an upper lung field predominance and bilateral reticular opacities and focal infiltrates that expanded from the upper to lower lung fields; this was demonstrated by comparison with a chest X-ray image obtained 6 months before admission ([Fig. 1](#g001){ref-type="fig"}). Chest computed tomography (CT) suggested irregular pleural thickening with fibrotic change ([Fig. 2a-c](#g002){ref-type="fig"}). In addition, a mixture of reticular opacity with focal consolidation was seen at the base of the lung ([Fig. 2d](#g002){ref-type="fig"}). The ratio of the anteroposterior diameter of the thoracic cage to the transverse diameter of the thoracic cage - which was measured to investigate the flattened thoracic cage - was 0.568 ([@B9]). Pulmonary function testing (PFT) clearly revealed a restrictive ventilatory defect with impaired gas exchange ([Fig. 3](#g003){ref-type="fig"}). The predicted ![](1349-7235-58-1321-i001.jpg)~25~ (%![](1349-7235-58-1321-i001.jpg)~25~) was relatively low in comparison to the predicted ![](1349-7235-58-1321-i001.jpg)~50~ (%![](1349-7235-58-1321-i001.jpg)~50~), which led to the concave flow-volume loop during the expiration phase of 25% to 75% of forced vital capacity (FVC). The forced expiratory volume in one second (FEV~1~)/FVC was normal but the predicted FEV~1~ (%FEV~1~) was mildly declined. Lung biopsy using video-assisted thoracoscopic surgery was performed from the left S^1+2^ and S^9^.

###### 

Clinical Data on Initial Admission before Biopsy.

  -------------------- -- ----------------------- ----------- --------------------------------------- -------------------------------- ------ --------------- -------- -------- ------------------------------- -- ------- -----------
  [Blood]{.ul}            [BGA (room Air)]{.ul}               [BAL (Procedure site: rt_B^3^b)]{.ul}                                                                                                                        
  RBC                     4.89                    ×10^6^/µL                                           pH                                      7.46                              Neu                                0.5     \%
  Hb                      14.9                    g/dL                                                PaCO~2~                                 37              Torr              Eo                                 1.0     \%
  Plt                     26.5                    ×10^3^/µL                                           PaO~2~                                  94              Torr              Bas                                0.0     \%
  WBC                     9,900                   /µL                                                 HCO~3~                                  25              mmoL/L            Mono                               0.0     \%
  ESR                     18                      mm/h                                                SaO~2~                                  98.2            \%                Lyn                                1.5     \%
  [Chemistry]{.ul}        [Endocrine]{.ul}                    Mφ                                                                       97.0   \%                                                                           
  TP                      7.8                     g/dL                                                BNP                                     12.7            pg/mL             cell counts                        3.0     ×10^5^/mL
  UN                      17                      mg/dL                                               [Immunology]{.ul}                       recovery rate            68/150   (45%)                                      
  Cr                      0.6                     g/dL                                                IgG                                     1,264           mg/dL             CD4/8                              1.91    
  Na                      140                     mmol/L                                              IgG4                                    108.0           mg/dL                                                        
  K                       4.3                     mmol/L                                              IgA                                     424.9           mg/dL             [6 minutes walking test]{.ul}              
  Cl                      105                     mmol/L                                              IgM                                     133.4           mg/dL             Lowest SpO~2~                      95      \%
  Ca                      9.2                     mg/dL                                               HLA Ag A:24/-, B44/52, DR13/15          Distance                 640      m                                          
  AST                     18                      IU/L                                                ANA                                     speckled        ×40               BORG scale                         0.5→6   
  ALT                     19                      IU/L                                                RF                                      17              U/mL                                                         
  LDH                     200                     IU/L                                                KL-6                                    913             U/mL                                                         
  CPK                     63                      IU/L                                                SP-D                                    329.0           μg/L                                                         
  CRP                     0.2                     mg/dL                                               SP-A                                    86.9            ng/mL                                                        
  [Coagulation]{.ul}      Autoimmune antibodies   (-)                                                                                                                                                                      
  aPTT                    26.2                    s                                                   [Infection]{.ul}                                                                                                     
  PT INR                  0.98                                                                        Sputum/BAL culture               (-)                                                                                 
  D-dimer                 1.9                     µg/mL                                               CMV pp65                         (-)                                                                                 
  -------------------- -- ----------------------- ----------- --------------------------------------- -------------------------------- ------ --------------- -------- -------- ------------------------------- -- ------- -----------

Ag: antigen, ALT: alanine aminotransferase, ANA: anti-nuclear antigen, aPTT: activated partial thromboplastin time, AST: asparate aminotransferase, BAL: bronchoalveolar lavage, Bas: basophil, BC: blood count, BGA: blood gas analysis, BNP: B-type natriuretic peptide, Ca: calcium, CD: cluster designation, Cl: chloride, CMV: cytomegarovirus, CPK: creatine phosphokinase, Cr: creatinine, CRP: C-reactive protein, Eo: eosinophil, ESR: erythrocyte segmentation rate, Hb: hemoglobin, HCO~3~: bicarbonate, HLA: human leukocyte antigen, IgA: immunoglobulin A, IgG: immunoglobulin G, IgM: immunoglobulin M, K: potassium, KL-6: Krebs von den Lungen 6, LDH: lactate dehydrogenase, Lyn: lymphocyte, Mφ: macrophage, Na: sodium, Neu: neutrophil, PaCO~2~: partial pressure of carbon dioxide in arterial blood, PaO~2~: partial pressure of oxygen in arterial blood, Plt: platelet count, PT-INR: prothrombin time-International Normalized Ratio, RBC: red blood cell, RF: rheumatoid factor, SP-A: surfactant protein A, SP-D: surfactant protein D, SpO~2~: arterial oxygen saturation of pulse oxymetry, TP: total protein, UN: urea nitrogen, WBC: white blood cell

![Chest X-ray images obtained six months before admission (a) and on admission (b). Pre-existing upper lung predominant reticulo-nodular opacities and the reduced volume of the upper lung field were seen. According to the worsening of persistent cough and dyspnea, the interstitial abnormalities deteriorated, majorly expanding to the lower lung fields.](1349-7235-58-1321-g001){#g001}

![Chest computed tomography. (a-d) Just before the surgical lung biopsy. (e-g) Just after the diagnosis of the acute exacerbation.](1349-7235-58-1321-g002){#g002}

![Pulmonary function testing showed restrictive ventilatory defects with impaired gas exchange. DLco: diffusing capacity of the lung carbon monoxide, FEV~1~: forced expiratory volume in one second, FVC: forced vital capacity, MMF: maximal mid-expiratory flow, RV: residual volume, TLC: total lung capacity, VC: vital capacity](1349-7235-58-1321-g003){#g003}

At three weeks after surgical biopsy, the patient was admitted to our hospital due to rapidly worsening dyspnea on exertion. Chest CT revealed newly developed ground-glass opacities extending throughout the lungs with a right side predominance ([Fig. 2e-h](#g002){ref-type="fig"}). The patient\'s PaO~2~ value declined to 75 Torr (room air). The serum levels of Krebs von den Lungen-6 and surfactant protein-D were higher than those just before biopsy (1,290 U/mL and 459.0 μg/L, respectively). Bacteriological cultures of expectorated sputum and blood yielded negative results. No physical findings suggestive of heart failure or infection, such as pitting edema in the lower extremities, or purulent sputum were observed. The serum levels of D-dimer and B-type natriuretic peptide were not suggestive of pulmonary thromboembolism (1.6 μg/mL) and heart failure (6.6 pg/mL), respectively. Thus, no alternative causes for the development of acute deterioration of his respiratory status, such as acute pulmonary edema, pulmonary infection, or pulmonary embolism were identified. Accordingly, we determined that an acute exacerbation had occurred ([@B10],[@B11]). Steroid pulse therapy \[methylprednisolone (1,000 mg/day for 3 consecutive days)\], followed by oral prednisolone (20 mg/day) and cyclosporine A (100 mg/day) were initiated, after which his respiratory status and radiographic parameters gradually recovered. As an empiric antibiotic therapy, piperacillin/tazobactam was intravenously administered for the initial 14 days.

The histopathological findings
------------------------------

A panoramic view from the lower lobe in S^9^ with hematoxylin and eosin staining revealed a UIP pattern, including spatial heterogeneity with subpleural/paraseptal (perilobular) fibrosis, and dense fibrosis accompanying architectural remodeling ([Fig. 4a](#g004){ref-type="fig"}). There was an abrupt change from abnormal scarred lung to normal lung (i.e., patchwork pattern), and fibrosis with perilobular distribution and numerous fibroblastic foci, which was consistent with UIP ([Fig. 4a](#g004){ref-type="fig"}, [5a-c](#g005){ref-type="fig"}). In an upper lobe, marked fibroelastosis with alveolar collapse in the subpleural airspace was present with a band-like distribution ([Fig. 4b](#g004){ref-type="fig"}, [5d and e](#g005){ref-type="fig"}). In both upper and lower lobes, various membranous bronchiolar lesions were identified within the unaffected lung parenchyma, and they were clearly spatially separated from the fibroelastosis due to a PPFE pattern or dense fibrosis due to a UIP pattern ([Fig. 5f and l](#g005){ref-type="fig"}). The bronchiolar lesions included: 1) constrictive bronchiolitis accompanied by obstructive pneumonia with exudate and foamy macrophage infiltration into the alveolar spaces in the peripheral lobule ([Fig. 5f-i](#g005){ref-type="fig"}); 2) proliferative bronchiolitis, that is, intraductal polypoid fibrosis mainly distributed in the bronchiolar lumen with quite limited extension to the adjacent peribronchiolar alveolar airspaces ([Fig. 5j and k](#g005){ref-type="fig"}) ([@B12]); and 3) peribronchiolar metaplasia ([Fig. 5l](#g005){ref-type="fig"}). No granulomas suggestive of any inhaled particles or apparent pigmented macrophages were identified.

![Surgical lung biopsy specimens (Hematoxylin and Eosin staining). (a) Left S^9^. Subpleural/perilobular fibrosis with abrupt change from normal lung to fibrotic lesions, consistent with a usual interstitial pneumonia pattern. (b) Left S^1+2^. Subpleural dense, band-like fibrosis, consistent with fibroelastosis. Some fibrotic lesions with bronchiolocentric distribution, separated from the subpleural fibrotic lesions.](1349-7235-58-1321-g004){#g004}

![Microscopic findings. (a) Hematoxylin and Eosin (H&E) staining ×2. Abrupt change from the normal lung to the fibrotic lesion. Perilobular fibrosis and dense fibrosis. (b) H&E staining ×2. Subpleural fibrosis. (c) H&E staining ×10. Fibroblastic foci. (d) H&E staining ×4. (e) Elastica van Gieson (EVG) staining ×4. Fibroelastosis. (f) H&E staining ×2. (g) H&E staining ×4. (h) H&E staining ×10. (i) EVG staining ×10. Constrictive bronchiolitis obliterans with exudate and foamy macrophages was observed infiltrating into the alveolar spaces in the peripheral lobule. (j) H&E staining ×10. (k) EVG staining ×10. Proliferative bronchiolitis, that is, intraductal polypoid fibrosis that was mainly distributed to the bronchiolar lumen, with quite limited extension to the adjacent peribronchiolar alveolar airspaces. (l) H&E staining ×4. Peribronchial metaplasia.](1349-7235-58-1321-g005){#g005}

Discussion
==========

The current case was clinically characterized by the development of an acute exacerbation after surgical lung biopsy. Acute exacerbations typically occurs in IPF ([@B10],[@B11]). Less commonly, chronic fibrosing interstitial lung diseases other than IPF are associated with the development of acute exacerbations ([@B13]). Nei et al. ([@B6]) described a case of idiopathic PPFE without any interstitial fibrotic lesions in the lower lobes, in which an acute exacerbation occurred. A few recently published studies have reported that 13.5-18.0% of PPFE patients experienced an acute exacerbation of their condition ([@B7],[@B14],[@B15]). Enomoto et al. ([@B7]) reported that in two PPFE patients with acute exacerbations, the interstitial fibrosis in the lower lobes showed a UIP pattern and an unclassifiable pattern, respectively. Oda et al. ([@B5]) reported that one of nine (11.1%) patients with PPFE and a UIP pattern experienced an acute exacerbation. A UIP pattern has been reported to be a risk factor for an acute exacerbation after thoracic surgery ([@B16]). Thus, regardless of the presence or absence of fibrotic lesions in the lower lobes, physicians should be aware that acute exacerbations can occur in patients with PPFE.

In a previous study, acute exacerbations that occurred after surgical lung biopsy were characterized; the extent of ground-glass opacity in the lung contralateral to the lung from which biopsy samples were acquired was predominantly severe ([@B17]). The high-resolution CT findings at the diagnosis of the acute exacerbation in the present case were consistent with a previous report.

Fibroelastosis is a unique pathological feature that involves a combination of both elastosis and collapsed air-space filled with collagen deposition ([@B2]). The bronchiolar lesions that were confirmed in the present case included proliferative bronchiolitis, constrictive bronchiolitis obliterans, and peribronchiolar epithelial metaplasia. [Table 2](#t002){ref-type="table"} summarizes the previously reported pathological findings in patients with idiopathic PPFE who underwent surgical lung biopsy or autopsy ([@B1],[@B3],[@B4],[@B6],[@B14],[@B18]-[@B36]). However, the clinicopathological correlation of these bronchiolar lesions with idiopathic PPFE has not been rigorously investigated. Bronchiolar lesions in idiopathic PPFE were clearly described as "identifiable" in 3 studies ([@B1],[@B18],[@B32]), and as "unidentifiable" in another ([@B14]). In most reports, the presence or absence of bronchiolar lesions was not described. Thus, inattention to bronchiolar lesions in this context may result in the underreporting of bronchiolar lesions.

###### 

Summary of Literature Reports.

  ----------------------------------------------------------------------------------------------------------------------------------------------
  Reference      n        Age\      Sex\    Pathological findings                                                                
                          (years)   (m/f)                                                                                        
  -------------- -------- --------- ------- ----------------------- ---------------------- -------------------- ---------------- ---------------
  \(4\)          3        30-44     2/1     Identifiable (3/3)      ND                     ND                   ND               ND

  \(18\)         2        43/39     0/2     Identifiable (2/2)      ND                     Identifiable (2/2)   ND               ND

  \(19\)         1        27        1/0     Identifiable            ND                     ND                   ND               UIP/p

  \(20\)         7        25-83     5/2     Identifiable            ND                     ND                   ND               UIP/p (n=2)

  \(36\)         1        74        1/0     Identifiable            ND                     ND                   ND               UIP/p

  \(21\)         1        85        0/1     Identifiable            ND                     ND                   ND               Normal lung

  \(22\)         1        55        1/0     Identifiable            ND                     ND                   ND               NSIP/p

  \(23\)         2        32/65     0/2     Identifiable            ND                     ND                   ND               ND

  \(24\)         2        51/59     0/2     Identifiable            ND                     ND                   ND               ND

  \(6\)          1        82        1/0     Identifiable            ND                     ND                   ND               ND

  \(25\)         1        50s       0/1     Identifiable            ND                     ND                   ND               ND

  \(26\)         1        49        1/0     Identifiable            ND                     ND                   ND               Normal lung

  \(1\)          11^\#^   33-85     5/6     Identifiable (11/11)    Identifiable (10/11)   ND                   ND               Described^\$^

  \(27\)         2        68/28     2/0     Identifiable            ND                     ND                   ND               ND

  \(29\)         9        43-81     4/5     Identifiable (9/9)      ND                     ND                   ND               ND

  \(30\)         1        60s       0/1     Identifiable            ND                     ND                   ND               PPFE/p

  \(28\)         1        76        0/1     Identifiable            ND                     ND                   ND               UIP

  \(31\)         1        50        0/1     Identifiable            ND                     ND                   ND               ND

  \(14\)         9        19-70     6/3     Identifiable            Unidentifiable         Unidentifiable       Unidentifiable   ND

  \(32\)         1        59        0/1     Identifiable            Unidentifiable         Identifiable         Identifiable     PPFE/p

  \(3\)          5        58-87     1/4     Identifiable            ND                     ND                   ND               UIP/p (n=1)

  \(33\)         1        68        1/0     Identifiable            ND                     ND                   ND               UIP/p

  \(34\)         1        41        0/1     Identifiable            ND                     ND                   ND               ND

  \(35\)         1^\#^    67        1/0     Identifiable            ND                     ND                   ND               UC (n=1)

  Current case   1        63        1/0     Identifiable            Identifiable           Identifiable         Identifiable     UIP/p
  ----------------------------------------------------------------------------------------------------------------------------------------------

^\#^One case was excluded from the original set of cases due to a definite diagnosis of hypersensitivity pneumonitis.

^&^Intra-alveolar fibrosis and elastosis (n=3), UIP/p (n=3).

ND: not described, UIP/p: usual interstitial pneumonia pattern, PPFE/p: pleuroparenchymal fibroelastosis pattern, UC: unclassified

The coexistence of a PPFE pattern and bronchiolitis obliterans has been reported and emphasized in patients who received lung or bone marrow transplants ([@B8],[@B37]). Ofek et al. ([@B8]) described the relationship between the PPFE pattern and bronchiolitis obliterans in lung transplant recipients as restrictive allograft syndrome. That is, a PPFE pattern and bronchiolar lesions may share some remodeling processes as a result of lung injuries due to immunologic rejection in association with chronic allograft dysfunction.

It is possible that the bronchiolar lesions in the biopsy specimens in the present case reflect the PFT results, as a component of an obstructive ventilatory defect is partially detected on pathophysiological examination. The concave flow-volume loop during the expiration phase of 25% to 75% of FVC might pathophysiologically suggest the existence of small airway abnormalities, although a restrictive ventilatory defect due to interstitial fibrosis definitively diagnosed based on the categorical definition of PFT. In addition, because the present patient was a very light smoker, and because no emphysema was identified on high resolution CT, the impact of smoking on the PFT results was considered to be trivial.

Some studies have reported that a reduced residual volume / total lung capacity ratio (RV/TLC) is a characteristic feature of PFT in PPFE ([@B7],[@B15]); however, it is not mandatory for the diagnosis ([@B14]). It remains unknown whether PPFE patients, especially those with PPFE accompanied by bronchiolar lesions, exhibit a similar feature because the of value of the RV/TLC ratio has been poorly discussed in previous reports ([@B1],[@B8],[@B18],[@B32]).

In general, the pathological features of bronchiolar lesions imply that epithelial injuries occur not only via adverse immune responses in the bronchovascular bundle, including collagen vascular disease and transplantation, but also via inhalation, including hypersensitivity pneumonitis, dust exposure, and some infectious diseases such as mycobacteriosis and fungal conditions. It has recently been suggested that idiopathic PPFE consists of heterogeneous etiologies, and are often associated with one or more clinical inhalation factors, such as asbestos, smoking, and organic dust (e.g., mold, bird feces) ([@B1]). Drug-related, and autoimmune mechanism-related associations have been hypothesized, as have associations with gastroesophageal reflux and predisposing genetic mechanisms ([@B1]). However, in many cases, a diagnosis of idiopathic PPFE is made because it is difficult to prove clinical causation based on the available evidence ([@B1],[@B3]). The present case was idiopathic PPFE due to a lack of any clinically relevant cause; however, there are two possibilities that are worth considering. First, the patient was an electrician. The patient declared that he only rarely worked outdoors, and denied occupational exposure to potentially hazardous agents. However, occult inhalation could not be completely excluded. Second, the slight elevation of the serum rheumatoid factor levels may explain the various bronchiolar lesions that were observed in this case, because rheumatoid arthritis has a clear association with bronchiolar lesions and may become clinically overt in the future, although no pathologic findings suggestive of rheumatoid arthritis-including abundant lymphoid aggregation or inflammatory cell interstitial infiltration-were observed in the biopsy specimen ([@B1],[@B4],[@B38],[@B39]).

The bronchiolar lesions in this case did not enable a confident clinical diagnosis of idiopathic PPFE or the conclusive determination of any etiologies of a PPFE pattern. However, pathologically proven bronchiolar lesions may be associated with the pathophysiological development or progression to idiopathic PPFE and may indicate that the condition is derived from alternative causes, such as occupational exposure, hypersensitivity pneumonitis, pneumoconiosis, drug-induced lung injury, or collagen vascular disease (e.g., rheumatoid arthritis). In such situations, it is advisable that physicians review the clinical data again in an effort to identify any of the aforementioned alternative causes.

Conclusion
----------

In summary, in the current patient with idiopathic PPFE, bronchiolar lesions combined with a PPFE pattern might have been associated with the development of idiopathic PPFE, and might not have been an incidental finding. Bronchiolar lesions may have a close association with PPFE and might help identify any relevant clinical causation.
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